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We report the results of a comparative study of the magnetic microstructure of textured and
isotropic Nd2Fe14B/α-Fe nanocomposites using magnetometry, transmission electron microscopy,
synchrotron x-ray diffraction, and, in particular, magnetic small-angle neutron scattering (SANS).
Analysis of the magnetic neutron data of the textured specimen and computation of the correlation
function of the spin misalignment SANS cross section suggests the existence of inhomogeneously
magnetized regions on an intraparticle nanometer length scale, about 40 − 50 nm in the remanent
state. Possible origins for this spin disorder are discussed: it may originate in thin grain-boundary
layers (where the materials parameters are different than in the Nd2Fe14B grains), or it may reflect
the presence of crystal defects (introduced via hot pressing), or the dispersion in the orientation
distribution of the magnetocrystalline anisotropy axes of the Nd2Fe14B grains. X-ray powder diffrac-
tion data reveal a crystallographic texture in the direction perpendicular to the pressing direction
– a finding which might be related to the presence of a texture in the magnetization distribution,
as inferred from the magnetic SANS data.
PACS numbers: 75.40.-s; 75.50.Tt; 75.75.-c
I. INTRODUCTION
Nd-Fe-B-based nanocomposite permanent magnets,
which consist of exchange-coupled nanocrystalline hard
(Nd2Fe14B) and soft (α-Fe or Fe3B) magnetic phases, are
of potential interest for electronic devices due to their
preeminent magnetic properties such as high remanence
and magnetic energy product [1, 2]. The major chal-
lenge remains the understanding of how the details of
the microstructure (e.g., average particle size and shape,
volume fraction of soft phase, texture, interfacial chem-
istry) correlate with their magnetic properties. In or-
der to tackle this issue a multiscale characterization ap-
proach is adopted, which comprises a suite of both ex-
perimental and theoretical state-of-the-art methods such
as high-resolution electron microscopy, electron backscat-
tering diffraction, three-dimensional atom-probe analy-
sis, Lorentz and Kerr microscopy, or atomistic and con-
tinuum micromagnetic simulations.
Recent investigations by Liu et al. [3] and Sepehri-
Amin et al. [4] demonstrate that the properties of
the interface regions between the Nd2Fe14B grains deci-
sively determine the coercivity of the sample. The grain-
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boundary layers (and triple-junctions between the grains)
have a thickness between about 1 − 15 nm and can be
both in a crystalline or amorphous state. Moreover, as
far as their magnetism is concerned, the intergranular
regions are characterized by different magnetic interac-
tions (exchange, magnetocrystalline anisotropy, satura-
tion magnetization) as compared to the Nd2Fe14B crys-
tallites and, hence, they represent potential sources for
the nucleation of inhomogeneous spin textures during
magnetization reversal. Indeed, the micromagnetic sim-
ulation results reported in [4] suggest that the existence
of a thin (< 5 nm) ferromagnetic grain-boundary phase
with reduced magnetocrystalline anisotropy, exchange-
stiffness constant, and saturation magnetization causes
the magnetization reversal to occur from the soft inter-
granular phase into the hard Nd2Fe14B phase at a field
of −2.5T. When the intergranular phase is nonmagnetic,
then the nucleation of reversed domains starts from the
triple junctions of the Nd2Fe14B grains at a higher field
of −3.2T.
In this context it also worth noting that first-
principles density functional theory calculations on an
exchange-spring multilayer system [5] predict a de-
pendency of the exchange coupling on the crystallo-
graphic orientation at the interface between Nd2Fe14B
and α-Fe; specifically, ferromagnetic coupling is pre-
dicted for the Nd2Fe14B(001)/α-Fe(001) interface model,
2whereas antiferromagnetic interactions are obtained for
Nd2Fe14B(100)/α-Fe(110). If this prediction were true,
then it may negatively influence the magnetic proper-
ties of this class of materials (e.g., the maximum energy
product). Indeed, a recent experimental study using fer-
romagnetic resonance and Kerr microscopy [6] reports on
the predicted negative exchange coupling.
The above discussed examples ultimately demonstrate
that the magnetic microstructure of nanocrystalline Nd-
Fe-B-based magnets is characterized by inhomogeneous
magnetization structures and that interfacial regions are
a major cause for the nanoscale spin disorder. In addi-
tion to the grain boundaries, there exist, however, other
sources of spin disorder in such materials: ultrafine-
grained textured nanocomposites are produced from
melt-spun ribbons via hot compaction [3, 4, 7, 8]; this
process may introduce crystal defects which locally act
as nucleation centers for nonuniform magnetization tex-
tures. Furthermore, one has to invoke a magnetiza-
tion inhomogeneity which is due to the nonideal align-
ment (dispersion) of the crystallographic c-axes (of the
Nd2Fe14B grains) along the pressing direction during hot
deformation; the spins have to undergo rotations in order
to accommodate to the changes in the easy-axis mag-
netization direction from grain to grain. Last but not
least, there is the magnetic shape anisotropy of the usu-
ally platelet-shaped Nd2Fe14B particles, which may re-
sult in a small spin canting towards the plane perpendic-
ular to the c-axis. It is certainly true that the magnetic
anisotropy field of the Nd2Fe14B phase (about 8T at
300K [9]) is much larger than any shape-anisotropy field
(assuming, e.g., 0.5T for strongly anisotropic grains),
but nevertheless weak spin canting (tan−1(0.5/8) ∼= 3.6◦)
might be produced by the competition between shape
and magnetocrystalline anisotropy.
In order to scrutinize the above-sketched issue, we
have carried out a comparative study of the magnetic
microstructure of textured (hot-deformed) and isotropic
nanocrystalline Nd2Fe14B/α-Fe by means of magnetic
small-angle neutron scattering (SANS). Specifically, the
central aim of our investigation is to detect and quan-
tify the presumed nanoscale spin disorder, which is com-
monly only indirectly inferred by combining results from
electron microscopy, magnetization, and micromagnetic
simulations.
The SANS technique (see Ref. [10] for a review) pro-
vides information on variations of both the magnitude
and orientation of the magnetization on a nanometer
length scale (∼ 1 − 300 nm). SANS is extremely sensi-
tive to long-wavelength magnetization fluctuations and it
has only recently been employed for characterizing Nd-
Fe-B-based permanent magnets: for example, the field
dependence of characteristic magnetic length scales dur-
ing the magnetization-reversal process in isotropic Nd-
Fe-B-based nanocomposites [11] and in isotropic sintered
Nd-Fe-B [12] was studied, the exchange-stiffness constant
has been determined [13], the observation of the so-called
spike anisotropy in the magnetic SANS cross section has
been explained with the formation of flux-closure pat-
terns [14], magnetic multiple scattering has been detected
[15], textured Nd-Fe-B has been investigated [16], and the
effect of grain-boundary diffusion on the magnetization-
reversal process of isotropic [17] and hot-deformed tex-
tured [18–20] nanocrystalline Nd-Fe-B magnets has been
studied.
II. EXPERIMENTAL
Two Nd2Fe14B/α-Fe nanocomposites containing, re-
spectively, 5 wt% of Fe were investigated in this study.
Both samples were prepared by means of the melt-
spinning technique. One sample was subsequently hot-
deformed in order to obtain a textured magnet. For this
purpose, the melt-spun ribbons were crushed into pow-
ders of a few hundred micrometers in size and then sin-
tered at 973K under a pressure of 400MPa. The sintered
bulk was hot-deformed with a height reduction of about
75% to develop the [001] texture of the Nd2Fe14B phase
along the pressing direction [4, 8]. This results in the
formation of platelet-shaped Nd2Fe14B grains with an
average thickness of ∼ 110 nm and an average diameter
of ∼ 140 nm. The Nd2Fe14B platelets are stacked along
the nominal c-axis, which we define as the [001] direction,
with some degrees of misorientation. The isotropic sam-
ple had an average grain size of about 20 nm. We have
also investigated composites with 0wt% and 10wt% of
Fe, which, as far as the neutron results are concerned,
show qualitatively the same behavior as the 5wt% sam-
ple. For further details, see Refs. [18–20].
The neutron experiment has been carried out at 300K
at the instrument SANS-I at the Paul Scherrer Institute,
Switzerland, using unpolarized neutrons with a mean
wavelength of λ = 4.5 A˚ and ∆λ/λ = 10% (FWHM)
[21, 22]. The external magnetic field H0 (provided by a
cryomagnet; µ0Hmax = 9.5T) was applied perpendicular
and parallel to the wave vector k0 of the incoming neu-
tron beam (compare Fig. 1); this corresponds to the sit-
uation that H0 is parallel (k0 ⊥ H0) and perpendicular
(k0 ‖ H0) to the nominal c-axis (pressing direction) of the
textured sample. Neutron data were corrected for back-
ground scattering (empty sample holder), transmission,
and detector efficiency using the GRASP software pack-
age. The measured transmission was larger than 90%
for both samples at all fields investigated. Further sam-
ple characterization was done by means of vibrating sam-
ple magnetometry, transmission electron microscopy, and
synchrotron x-ray diffraction (at beamline BL04-MSPD
at the Alba synchrotron, Barcelona, Spain [23]).
III. UNPOLARIZED SANS CROSS SECTIONS
AND CORRELATION FUNCTION
The elastic unpolarized SANS cross section dΣ/dΩ at
momentum-transfer vector q takes on different forms de-
3FIG. 1. Sketch of the perpendicular (a) and parallel (b) scat-
tering geometry, which, respectively, have the applied mag-
netic field H0 perpendicular and parallel to the wave vec-
tor k0 of the incident neutron beam; q = |q| = 4piλ
−1 sinψ,
where 2ψ denotes the scattering angle and λ is the mean neu-
tron wavelength. Note that H0 ‖ ez in both geometries and
that q ∼= (0, qy , qz) = q(0, sin θ, cos θ) for k0 ⊥ H0 (a) and
q ∼= (qx, qy , 0) = q(cos θ, sin θ, 0) for k0 ‖ H0 (b). The press-
ing direction is horizontal, which is along ez in (a) and along
ex in (b).
pending on the relative orientation between the wave vec-
tor k0 of the incident neutron beam and the externally
applied magnetic field H0 [10]; for the perpendicular ge-
ometry (k0 ⊥ H0), we obtain
dΣ
dΩ
(q) =
8pi3
V
(
|N˜ |2 + b2H |M˜x|
2 + b2H |M˜y|
2 cos2 θ
+b2H |M˜z|
2 sin2 θ − b2H(M˜yM˜
∗
z + M˜
∗
y M˜z) sin θ cos θ
)
,
(1)
whereas for the parallel case (k0 ‖ H0)
dΣ
dΩ
(q) =
8pi3
V
(
|N˜ |2 + b2H |M˜x|
2 sin2 θ + b2H |M˜y|
2 cos2 θ
+b2H |M˜z|
2 − b2H(M˜xM˜
∗
y + M˜
∗
xM˜y) sin θ cos θ
)
;
(2)
V denotes the scattering volume, bH = 2.91 ×
108A−1m−1, N˜(q) is the nuclear scattering ampli-
tude, and M˜(q) = {M˜x(q), M˜y(q), M˜z(q)} represents
the Fourier transform of the magnetization M(r) =
{Mx(r),My(r),Mz(r)}; c
∗ is a quantity complex-
conjugated to c. We would like to emphasize that the
magnetization vector field of a bulk ferromagnet is a
function of the position r = {x, y, z} inside the ma-
terial, i.e., M = M(x, y, z), and that, consequently,
M˜ = M˜(qx, qy, qz). However, the Fourier components
which appear in the above SANS cross sections represent
projections into the qy-qz-plane for k0 ⊥ H0 (qx ∼= 0)
and into the qx-qy-plane for k0 ‖ H0 (qz ∼= 0) (compare
Fig. 1). In polar coordinates, the M˜x,y,z then depend (in
addition to the applied field and the magnetic interac-
tions) on both the magnitude q and the orientation θ of
the scattering vector q [24].
In our neutron data analysis below, we subtract the
respective SANS signal at the largest available field of
9.5T (approach-to-saturation regime, compare Fig. 2)
from the measured data at lower fields. This subtrac-
tion procedure eliminates the nuclear SANS contribution
(∝ |N˜ |2), which is field independent, and it yields the so-
called spin-misalignment SANS cross section dΣM/dΩ,
which we display here for simplicity only for the parallel
scattering geometry:
dΣM
dΩ
=
8pi3
V
b2H
(
∆|M˜x|
2 sin2 θ +∆|M˜y|
2 cos2 θ
+∆|M˜z|
2 +∆CT sin θ cos θ
)
, (3)
where ∆|M˜x|
2 := |M˜x|
2(H)−|M˜x|
2(9.5T) (and so on for
the other Fourier coefficients) represents the difference
between the value of |M˜x|
2 at the actual field H and the
measurement at 9.5T [CT := −(M˜xM˜
∗
y + M˜
∗
xM˜y)]. If
it would be possible to fully saturate the sample (i.e.,
M(r) = {0, 0,Mz = Ms(r)}) and if one restricts the
considerations (subtraction procedure) to the approach-
to-saturation regime, where the field dependence of the
longitudinal Fourier component can be neglected (i.e.,
|M˜z|
2(H) − |M˜s|
2 → 0), then dΣM/dΩ (for k0 ‖ H0)
reduces to
dΣM
dΩ
=
8pi3
V
b2H
(
|M˜x|
2 sin2 θ + |M˜y|
2 cos2 θ
+CT sin θ cos θ) , (4)
and likewise for the k0 ⊥ H0 geometry.
Furthermore, it is decisive for the later discussion
to note that for a ferromagnet with a statistically-
isotropic microstructure the parallel total (nuclear and
magnetic) dΣ/dΩ and dΣM/dΩ [Eqs. (2) and (3)] are
generally isotropic, i.e., θ-independent (see, e.g., Fig. 21
in Ref. [10], Fig. 4 in Ref. [25], or Figs. 5(b), 7(c),
and 7(d) below). In other words, although the indi-
vidual contributions to the parallel SANS cross section
are highly anisotropic (e.g., |M˜x|
2 sin2 θ), their corre-
sponding sums in Eqs. (2) and (3) are isotropic for a
statistically-isotropic ferromagnet; this is not true for
the perpendicular geometry [Eq. (1)], which generally ex-
hibits a pronounced angular anisotropy.
The (normalized) correlation function c(r) of the
spin misalignment can be computed from azimuthally-
averaged data via [26]
c(r) =
∫
∞
0
dΣM
dΩ
(q)J0(qr) q dq∫
∞
0
dΣM
dΩ
(q) q dq
, (5)
where J0(qr) denotes the zeroth-order Bessel function.
Analysis of c(r) provides information on the characteris-
tic magnetic length scales [11, 12, 17].
4FIG. 2. Room-temperature magnetization curves of textured (a) and isotropic (b) Nd2Fe14B/α-Fe (5wt% Fe). Measurements
have been carried out for the magnetic field applied parallel and perpendicular to the texture axis (pressing direction) in (a),
and for two different in-plane directions in (b) (“in-plane 2” direction is rotated by 90◦ with respect to “in-plane 1” direction).
Magnetization data (on the rectangular-shaped samples) have been corrected for demagnetizing effects using the magnetometric
demagnetizing factor [27].
FIG. 3. Bright-field transmission electron microscopy images of the textured [(a) and (b)] and isotropic (c) Nd2Fe14B/α-Fe
nanocomposites (5wt% Fe). The average sizes of the anisotropic grains of the textured sample have been estimated [from
(a) and (b)] as, respectively, ∼ 110 nm (parallel to the pressing direction “p”) and ∼ 140 nm (perpendicular to the pressing
direction “p”), while the average grain diameter of the isotropic sample has been found to be ∼ 20 nm.
IV. RESULTS AND DISCUSSION
Figure 2 displays the room-temperature magnetization
curves of textured [Fig. 2(a)] and isotropic [Fig. 2(b)]
Nd2Fe14B/α-Fe. The coercive fields are µ0Hc = 0.57T
(textured) and µ0Hc = 0.61T (isotropic). The satu-
ration polarization was estimated by extrapolating the
data to infinite field: we find Js = 1.57T (textured)
and Js = 1.53T (isotropic) with ensuing remanence-
to-saturation ratios of about 0.64 (textured easy), 0.36
(textured hard), and 0.53 (isotropic). Consistent with
the magnetization data, the transmission electron mi-
croscopy images of the textured sample [Fig. 3(a) and
3(b)] reveal a weakly anisotropic microstructure, while
the isotropic sample [Fig. 3(c)] exhibits equiaxed grains.
X-ray diffraction measurements carried out (in trans-
mission mode) at the Alba synchrotron (Fig. 4) unam-
biguously prove the presence of a weak texture along the
(horizontal) pressing direction; specifically, diffraction
peaks of the type (00l) do present two maxima around
θ = 0◦ and θ = 180◦ in the Debye Scherrer rings. Ad-
ditionally, we find evidence for the presence of texture
along other crystallographic directions; peaks of the type
(hk0) exhibit two maxima around 90◦ and 270◦. This
latter observation will be of relevance when discussing
the results of the magnetic neutron data analysis (see
5FIG. 4. Synchrotron x-ray diffraction data of the isotropic (a) and textured (b) Nd2Fe14B/α-Fe nanocomposites (5wt% Fe).
The pressing direction of the hot-deformed sample is horizontal (same scattering geometry as in the neutron experiment,
compare Fig. 1). (left images) Integrated intensity as a function of azimuthal angle θ and scattering angle 2ψ; (right images)
corresponding Debye-Scherrer diffraction rings. Radial integration of synchrotron data has been performed with the Fit2D
software [28].
below).
Figure 5 depicts (for k0 ‖ H0) the two-dimensional
unpolarized total scattering cross sections dΣ/dΩ of the
textured and isotropic Nd-Fe-B-based nanocomposites at
selected applied magnetic fields (9.5T, remanence, co-
ercive field). The isotropic sample [Fig. 5(b)] exhibits
an isotropic scattering pattern at all fields investigated,
whereas the textured sample [Fig. 5(a)] shows anisotropic
scattering with an elongation along the horizontal direc-
tion. The corresponding (over 2pi) azimuthally-averaged
data sets are displayed in Fig. 6; between the coer-
cive field and the largest available field of 9.5T, the
cross section of the isotropic sample changes (roughly) by
about an order of magnitude at the smallest momentum-
transfers q (and about half an order of magnitude for the
textured sample).
While the textured nanocomposite reveals a power-law
type scattering over most of the q-range, the isotropic
sample exhibits a more structured dΣ/dΩ with signif-
icant curvature at lower and medium q. This differ-
ence in dΣ/dΩ is most likely related to the difference
in the average grain sizes and the ensuing magnetization
fluctuations on a nanometer length scale: the isotropic
sample has an average grain size of ∼ 20 nm, while the
textured Nd-Fe-B possesses a larger particle size of the
order of 100 nm (compare the TEM images in Fig. 3).
We also note that the dΣ/dΩ of both samples (data not
shown) as well as the spin-misalignment SANS cross sec-
tion dΣM/dΩ [Fig. 6(c)] are characterized by power-law
exponents n that are larger than 4. This is in agree-
ment with the notion of spin-misalignment scattering,
i.e., scattering due to canted spins with a characteris-
tic magnetic-field-dependent wavelength [10]. It is also
quite obvious from this observation that the correspond-
ing magnetization fluctuations in real space are not ex-
ponentially correlated (see Fig. 8 below).
As discussed previously, for k0 ‖ H0, any anisotropy
of dΣ/dΩ (or of dΣM/dΩ) is indicative of an anisotropic
microstructure. At magnetic saturation, the total SANS
signal arises from nanoscale spatial fluctuations in the nu-
clear density and in the saturation magnetizationMs(r),
presumably at internal Nd2Fe14B/α-Fe interfaces. The
nuclear scattering-length density contrast between the
Nd2Fe14B phase and the α-Fe phase amounts to ∆ρnuc ∼=
1.63 × 1014m−2, whereas – at saturation – the mag-
netic contrast can be estimated as ∆ρmag = bH∆M ∼=
1.37 × 1014m−2, where ∆M denotes the difference in
saturation magnetization between α-Fe (Js = 2.2T) and
Nd2Fe14B (Js = 1.61T). By assuming that the elements
of the microstructure which give rise to nuclear scatter-
ing |N˜ |2 are identical to those which give rise to lon-
gitudinal magnetic scattering b2H |M˜z|
2, one finds for a
6FIG. 5. Color-coded two-dimensional intensity maps of the total unpolarized dΣ/dΩ in the plane perpendicular to the incoming
neutron beam at selected applied magnetic fields (see insets) (logarithmic color scale) (k0 ‖ H0). dΣ/dΩ of the textured (a)
and isotropic (b) Nd2Fe14B/α-Fe nanocomposite. H0 is normal to the detector plane.
FIG. 6. Azimuthally-averaged total unpolarized SANS cross sections dΣ/dΩ at selected applied magnetic fields (see insets)
(log-log scale) (k0 ‖ H0). dΣ/dΩ of the textured (a) and isotropic (b) Nd2Fe14B/α-Fe nanocomposite. (c) Applied-field
dependence of the power-law exponent n in dΣM/dΩ = K/q
n for the textured and isotropic Nd2Fe14B/α-Fe nanocomposite.
dΣM/dΩ has been obtained by subtracting, respectively, the total dΣ/dΩ at 9.5T; the fits were restricted to the interval
0.4 nm−1 . q . 0.6 nm−1. Dotted horizontal line (n = 4) corresponds to scattering due to sharp interfaces (Porod) or to
exponentially correlated magnetization fluctuations.
saturated sample that the ratio of nuclear to magnetic
SANS equals |N˜ |2/(b2H |M˜z|
2) ∼= 1.42. With reference to
the electron-microscopy results (Fig. 3), which reveal a
(weakly) anisotropic grain shape (aspect ratio ∼ 1.3),
it is then obvious that a (weakly) horizontally-elongated
SANS pattern can already be generated at saturation by
the combined action of the nuclear and longitudinal mag-
netic form factors.
Subtracting the total dΣ/dΩ at 9.5T from the total
dΣ/dΩ at lower fields, we obtain the spin-misalignment
SANS cross section dΣM/dΩ [Eq. (3)], which is free of
nuclear SANS. The results for dΣM/dΩ for the textured
nanocomposite [Fig. 7(a) and 7(b)] still reveal an angu-
lar anisotropy with maxima parallel and antiparallel to
the horizontal texture axis. Inspection of Eq. (3) then
suggests that this observation may be due to (i) spin
components which are directed along the ±ey-direction
[cf. the term ∆|M˜y|
2 cos2 θ in Eq. (3)] and/or due to (ii)
the particle form factor anisotropy (cf. terms ∝ ∆|M˜z|
2).
However, measurements in the k0 ⊥ H0 geometry [com-
7FIG. 7. Selected results for the spin-misalignment SANS cross
section dΣM/dΩ of the textured and isotropic Nd2Fe14B/α-
Fe nanocomposite for k0 ‖ H0 [(a)−(d)] and for k0 ⊥ H0
[(e)−(f)] (logarithmic color scale). The respective data set
at the maximum applied field of 9.5T has been subtracted.
In (a)−(d), H0 is normal to the detector plane, whereas in
(e)−(f) H0 is horizontal in the plane.
pare Fig. 1(a)] suggest that longitudinal magnetization
fluctuations play only a minor role: if the dΣM/dΩ (for
k0 ⊥ H0) were dominated by ∆|M˜z|
2, a sin2 θ-type
anisotropy with intensity maxima along the vertical di-
rection would result [compare Eq. (1)]. This is, how-
ever, not visible in the experimental data [Fig. 7(e) and
7(f)], which exhibit a horizontal elongation [cf. the term
|M˜y|
2 cos2 θ in Eq. (1)]. In other words, the anisotropy of
the scattering pattern for k0 ‖ H0 [Fig. 7(a) and 7(b)] is
due to an anisotropy in the magnetic microstructure, not
to the form-factor anisotropy ∆|M˜z|
2 of the particles.
We emphasize that, although the mean magnetization
in the remanent state is directed along the c-axis [ez-
direction in Fig. 1(a) and ex-direction in Fig. 1(b)], the
magnetic neutron scattering cross section is in both ge-
ometries dominated by the respective |M˜y|
2 cos2 θ term,
which (in real space) is related to small misaligned spin
components varying along the ±ey-direction [29]. This
anisotropy in the spin microstructure may be related
to the finding of a crystallographic texture: as shown
in Fig. 4, diffraction peaks of the type (hk0) exhibit
two maxima along the vertical direction (θ = 90◦ and
θ = 270◦). The investigation of the relation between this
crystallographic texture and the spin texture is of inter-
est in its own right and beyond the scope of this paper.
However, we would like to emphasize that recent electron-
microscopy and three-dimensional atom-probe tomogra-
phy work by Liu et al. [30] also reports anisotropic
properties of the grain-boundary phase in hot-deformed
nanocrystalline Nd-Fe-B magnets; namely, these authors
found that the concentration of rare-earth elements is
higher for intergranular phases parallel to the flat surface
of the platelet-shaped Nd2Fe14B grains as compared to
intergranular phases along the short side of the platelets.
The characteristic size of the spin inhomogeneities in
the remanent state along the vertical and horizontal di-
rection has been estimated by computing [using Eq. (5)]
the correlation function c(r) of the spin misalignment
(Fig. 8). The exp(−1)-lengths are lC ∼= 53 nm along the
vertical direction, and lC ∼= 42 nm along the horizontal
direction; lC ∼= 28 nm for the isotropic nanocomposite.
Note that taking the exp(−1)-lengths does not imply that
the correlations decay exponentially. For the textured
specimen, both lC values are smaller than the average
particle size, which suggests the existence of intraparti-
cle spin disorder, whereas lC ∼= D for the isotropic sam-
ple. Compatible with [30], these results indicate that the
microscopic nature of the microstructural defects (e.g.,
the Nd2Fe14B/α-Fe interfaces) along these two directions
are different (as is manifest by the different correlation
lengths). In this respect field-dependent SANS measure-
ments are helpful, since they allow one to determine the
field evolution of lC , from which the size of the defect
(causing the spin perturbation) and the exchange corre-
lation length may be obtained [11, 12].
V. CONCLUSION
Using magnetic small-angle neutron scattering (SANS)
we have provided a comparative study of the magnetic
microstructure of textured and isotropic Nd2Fe14B/α-
Fe nanocomposites. Our neutron-data analysis suggests
that the spin-misalignment scattering of the textured
sample is dominated by spin components along one direc-
tion perpendicular to the easy c-axis (pressing direction)
of the Nd2Fe14B grains. This anisotropy in the magne-
tization distribution is accompanied by the presence of
a crystallographic texture along these directions. Possi-
ble origins for the spin canting (on an intraparticle length
scale) have been discussed and are related to the presence
of perturbed interface regions, crystalline imperfections,
and/or a dispersion in the orientation distribution of the
easy c-axes. In agreement with the x-ray synchrotron
and neutron data, we find anisotropic real-space correla-
tions, with a correlation length that has been estimated
at about 40 − 50 nm in the remanent state. The results
demonstrate the power of magnetic SANS for analyzing
anisotropic magnetic structures on a nanometer length
scale; in particular, the complimentary use of the per-
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FIG. 8. Normalized correlation function c(r) of the
spin misalignment [Eq. (5)] for the textured and isotropic
Nd2Fe14B/α-Fe nanocomposite in the remanent state. c(r)
of the textured sample has been computed using dΣM/dΩ
averaged along the vertical and horizontal directions (±7.5◦
sector averages) as well as using the full circular (2pi) aver-
age of dΣM/dΩ; the c(r) of the isotropic sample was com-
puted using the corresponding 2pi-averaged dΣM/dΩ (see in-
set). Solid horizontal line: C(r) = exp(−1). The physically
relevant information content of c(r) is restricted to the inter-
val [rmin, rmax] with approximately rmin ∼= 2pi/qmax = 2nm
and rmax ∼= 2pi/qmin = 130 nm.
pendicular and parallel scattering geometries has (for the
textured sample) provided results that were otherwise
not accessible with only one geometry.
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